Introduction
Ion implantation and bombardment are useful methods for modifying polymer surfaces [1, 2] . We have investigated the change in the wettability of polystyrene (PS) by ion implantation using various ions of He, N, 0, Ne, Na, Ar, and Kr, etc. [3] . The contact angle of water is 89° for a pristine PS surface. In the case of Na implantation, the water contact angle decreases dramatically to zero with high doss at low energy. In the case of implantation with other ion species, the contact angle is between 81 and 70° . The decrease in the contact angle of water in Na-implanted PS is caused by the presence of the implanted Na atoms near to, or on the PS surface, as verified by X-ray photoelectron spectroscopy (XPS) analysis [4] .
Potassium is in the same alkali metal group as Na, and has a heavy ion mass. In the case of K implantation into PS, the distribution of K should be shallower in the PS matrix compared to Na atoms as expected by the SRIM code [5] .
In this paper, we report on K ion implantation into a PS matrix which was carried out in the expectation that it would enhance the hydrophilic nature of the surface. The wettability was evaluated by monitoring the contact angle of water. The surface characterization of K-implanted PS was investigated by XPSto examineany change in the chemical composition and chemical bonding on or near to the PS surface.
Method 2-1. Sample preparation
The substrates used were polystyrene dishes (25060-60: Corning). Potassium implantation was carried out at room temperature using a RIKEN 200 kV Low Current Implanter, and an ion energy of 50 keV withdoses between 5x 1015 and 5x 1016 ions/cm2. The beam current density was about 0.21 A/cm2 to prevent any local specimen heating.
2-2. Contact angle measurement
The wettability was determined by measurement of the contact angle of water. This was carried out on films using the Sessile Drop Method with a Contact Angle Meter (CA-X; Kyowa Kaimenkagaku Co., Tokyo, Japan). Re-distilled water (10 d) was gently plated on the surface of the films. The contact angle used was the average from at least five readings on different parts of the film.
2-3. XPS analysis
The surface chemical bonding staes, and the atomic concentrations of the specimen surfaces were analyzed using Xray photoelectron spectroscopy. The XPS measurements were carried out using a VG ESCALAB 250 spectrometer employing MgKa (1253.6 eV) radiation. The operating power was 15 kV and 20 mA. The base pressure of the analysis chamber was less than N10-' Pa. Standardization was achieved using the Au4f712 (83.8 eV) transition. Smoothing, background removal, and peak flting were carried out using ECLIPS, a VG analysis software package. Figure 1 shows the contact angle of water on K-implanted PS as a function of fluence. The I. Photopolym. Sci. Technol., Vol.14, No.1, 2001 contact angle of water on a pristine specimen was approximately 87°. Beyond doses of 3x1016 ions/cm2, the contact angle suddenly decreases. In particular, the contact angle is zero at a fluence of 5x1016 ions/cm2. Figure 2 shows the XPS spectra for the K2p shell. This was detected from a fluence of 3x1016 ions/cm2, and increased in intensity as the fluence dose increased.
Result and discussion
It was found that the phenomenon of the decrease in contact angle with fluence was related to the increase in the K atomic concentration This phenomenon was similar to that of Na ion implantation into a PS matrix, and can be explained as follows [6] . With an increase in the fluence dose, the K concentration at the PS surface layer becomes so high that it can exceedthe solid solubility limit, and the K atoms can move toward the surface layer. The structure of the polystyrene surface layer would be damaged by the radiation, so that the K atoms could easily move toward the surface. As a result, the K atoms accumulate in the surface region with an increase in the K dose and become enriched on the PS surface.
The K dosage that corresponds to the zero contact angle on the PS surface (5x1016 ions/cm2) is smaller than that for Na (1x1017 ions/cm2). This phenomenon can be explained by the shallower K distribution in the PS matrix compared to Na because of the difference in mass of the ions A Rutherford backscattering spectroscopy study will be carried out to determine the mechanism for this phenomenon 
